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SPECIFICATION 



Gel Having a Low Cross-linking-densityl 

i 
i 

Method for Producing the Same ' 



and 



FIELD OF TECHNOLOGY ! 

i 

The present invention relates to a low cross-linkinjj^ensity 

! 

optical conductor for connecting end faces of optical fil? 
producing such a gel. 



h< ct 



TECHNICAL BACKGROUND 

An optical fiber connector, a, fixed connecjl 
combining/splitting device or like device has been genera 
faces of optical fibers, 

A mechanical contact method is mainly used to con 

fibers in an optical fiber connector. According to this mechl 

! 

ferrules are respectively fitted on cores of both optical frbqrfc 
fitting holes, which are formed in the apposite side surfaclefs 
body to communicate with each other in linear alignmenij 
the opposite sides of the connector main body, and the encj 

having the ferrules fitted therearound are fixed in abutmerj 

i 

be connected with each other, ' 

i 

Besides the above mechanical contact method, foji 

i 

been proposed the use of a lens as an optical conductor at 

i 

use of a matching oil in the optical fiber connector as l \ 
Unexamined Patent Publications No, 56-1 1091 2 and No, s|f 
On the other hand, matching oil f matching grease, 



1 



gel used as> an 
srs, and a method for 



ng device, a light 
f used to connect end 



end faces of optical 
nical contact method, 
and are Inserted into 
of a connector main 
/vith eqch other, frpm 
aces of the two cores 
against each othetf to 



example, there hgve 
a joint portion and the 
isclosed in Japanese 
81 807, respectively, 
resin or the Iik4 is 



ep oxy 



] 
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used as an optical conductor for the connection of o| 
connecting device or light combining/splitting device* 

It is basically required in the connection of the opt 



eliminate the diffusion of light at the joint portion of the end faces 



However, according to the method for mechanicallV 



layer and prevent the 

he optical conductor 
e-sized apparatus and 



of the optical fibers into contact with each other, an air la|\ er is inevitably present 
between the end faces due to its mechanical construction I Since this air layer and 
the cores of the optical fibers have different refractive indipfes, light is diffused due 

to a difference in refractive index, resulting in a loss of lig it- 

s 

An arrangement of an optical conductor between t|e end faces has been 

i 

proposed and put into practice in order to eliminate the aii 
loss of light- 
However, the prior art method using a lens as 
necessitates a complicated construction and the use of a lar 
has a problem in reliability during the attachment and det ichment of the optical 
fibers. Thus, this method has low industrial applicability. 

The prior art method using matching oil as the 
problems of flow-out and oxidation of the oil resulting fronii 
of temperature, and a problem of a short life. Particularly, 
the matching oil f it is difficult to prevent the silicone oil frojil flowing out due to its 
creeping characteristic. Thus, the use of the matching oil it mpels an exchange of 
oil after a certain period of time and, therefore, has low in lustrial applicability 

On the other hand, the method using grease as th^ optical conductor has 
been proposed in order to avoid the above problems of fldj/-out and oxidation! of 
oil, Grease can certainly avoid an undesirable event of f c w-out due to its high 
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tical fibers in a fixed 



iaf fibers to maximally 



bringing the end faces 



ptical conductor has 
ncrease and decrease 
F silicone oil is used as 
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epox / 



viscosity, but cannot avoid problems of changes in cHe 
temperature and a difference in refractive index between a 

i 

composition and has a lower light transmittance as comp 

i 

the matching oil is used- Further, grease has a fatal proja 
restore (eliminate) air bubbles produced by a displacement 
the joint portion. Therefore, grease also has tow industrh 

According to the prior art method using an 
conductor, the epoxy resin is cured by heating or air 
satisfactory performance over a long period of time. How^ 
unavoidable problem of coloring due to oxidation, In view \ 
a curing agent, removal of air bubbles, curing by heati 
during the manufacturing process. Further, in the case of 
the end faces, the optical fibers have to be thrown away 
has to be resumed from the beginning. This method is usee 
but has low industrial applicability. 1 

In view of the problems residing in the prior art, a msi 
invention is to provide a low cross-lin king-density gel 
suppress the diffusion of light when end faces of core; 
connected/ and a method for producing such a gel. 

It is another object of the present invention to provj 
density gel which effectively suppresses the diffusion of 
end faces of cores of optical fibers, and a method for 

It is still another object of the present invention to 
linking-density gef which is free from a flow-out_probIei|r 
increases or decreases due to a change in working 
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racteristics caused by 
thickening agent and a 
red to the case wh|ere 
em of being unab[$ to 
if the two end faces at 
applicability, 
resin as the optical 
;ured, and displays a 
er, this method has an 
operability, mixing of 
g, etc. are necessary 
c afective connection of 
nd the whole process 
despite its poor yield, 

i object of the present 
vhich can effectively 
of optical fibers are 



e a low cross-linking- 
libfrt at a joint portion of 
prefacing such a gel. 

provide a low cro^s- 
even if temperature 



enviror ments, and a method 
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for producing such a gel. 

It is further another object of the present invention 
linkingndensity gel which can stably suppress the diffusion 
its working performance over a long period of time, and a 
such a gel. 



o provide a low cross- 
of light by maintaining 
method for producing 



c ross-Hnking density is 



accomplish the abpve 



DISCLOSURE OF THE INVENTION 

In order to solve the aforementioned problems anc| 
objects, an inventive method for producing a low cro ss-linking-density gel, 
comprises: 

a compounding step for adjusting a flexible silicon^ gel material to havp a 
specified refractive Index, and 

a reaction step for causing the flexible silicone gel ijtjaterial adjusted in ihe 
compounding step to cross-link in a binding region where 
low, thereby producing a low cross-linking-density gel. 

In the inventive method, the specified refractive injj^x is set substantially 
equal to the refractive index of cores of optical fibers to be 

In the inventive method, a polyorganoslloxane havi 
ends is used as a primary agent of the flexible silicone gel 

In the inventive method, a cross-linking agent is add s i in the reaction stejp- 

In the inventive method, the polyorganosiloxane ha|> ing covalently bound 
hydrogen atoms is added as the cross-linking agent. 

In the inventive method, the compounding step anql 
performed in a clean room. 

Another inventive method for producing a low crosi- 



connected, 
ig vinyl groups at its 
naterial. 



the reaction step 3re 
in king-density gel,i 



I 
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comprises: 

a compounding step for adjusting a flexible silicori 

specified refractive index, 

a synthesizing step for synthesizing a composition 

agent to the flexible silicone gel material adjusted in the 
a filling step for filling the composition into a syrin|g 
a sealing step for sealing the syringe, and 
a reaction step for heating the sealed syringe to 

undergo an addition reaction in a binding region where crok 

thereby producing a low cross-linking-density gel in the s 
In the inventive method, the syringe is sealed by 

1 

sealing step. 

In the inventive method, the syringe is mount* 
dispensing a predetermined amount of the low cross- 
replacing the cap mounted on the syringe by a nozzle afte 
density gel is produced in the syringe. 

Further, an inventive low cross-linking-density gel is 
flexible silicone gel material adjusted to have a specifi|d 
undergo an addition reaction to cross-link in a binding 
density is low- 
In the inventive gel, the specified refractive index j$ 
to the refractive index of cores of optica] fibers to be con|r 

In the inventive gel, the flexible silicone gel material 
having vinyl groups at its ends. 

In the inventive gel, a cross-linking agent is added dr 
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gel material to have a 

3|r adding a cross-linking 
cbmpounding step, 
e, 

ca|ise the composition to 
Hinking density is Ipw, 
ringe. 

mounting a cap in the 



d in a dispenser for 
inking-density gel by 
the low cross-linking- 



produced by causing a 
refractive index: to 
regipn where cross-linking 



set substantially equal 
ected. 

a polyorganosiloxane 



or to the cross-Iinkjng 
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reaction and the addition reaction takes place in the presence of a platinum 
catalyst. 

In the inventive gel, the cross-linking agent is a poj^ 
covalently bound hydrogen atoms. 

In the inventive gel, the composition after being: 
caused to undergo the addition reaction by being heated \\ 
reaction- i 

Further, the inventive low cross-linking-density gel 

room. 



organosiloxane haying 

: illed in the syringe is 
uring the cross-linking 

is produced in a clean 



elagt c 



SUMMARY OF THE INVENTION 

A first requirement for a material used for the 
optical fibers is that it is easily deformable like an 
connection, can be formed to have an extremely small thicljn 
flow like usual viscous matter or liquid, and does not 

1 

anything, which hinders the propagation of light, such as fji 
having different refractive indices. 

A second requirement for this material is that it is !r 

1 

outer environments such as temperature, humidity, pressy 

A third requirement for this material is that it does 
water and the like to intrude thereinto. 

A fourth requirement for this material is that it enabl 

1 

operation which can be completed within a short period of 
required not to increase a temperature for vacuum deaer^ 
connecting operation using an epoxy resin. 



6 
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confection of end face? of 
material during the 
ess, is not allowed to 
contain in its texture 
er, dust or air bubbles 

1 

distant to changes* in 
e and vibrations, 
permit dust, vapor, 



iS 



an easy connecting 
me. Specifically, it is 
ion and curing in the 
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develops ent 



red ad 



The inventors of the present application studied tfi 
elastic materials and viscous materials during the 
satisfies the above requirements and, in their study, di 
macrornolecule having a three-dimensional reticulated ? 
solvent and a gel structure which is a swollen material of 
Consequently, they established a compounding techniqu 
transparent flexible silicone gel material selected as a 
synthetic gels was gelatinized at a low cross-linking den 
low cross-lin king-density gel (gel-fluid intermediate) whfc 
property, which is a characteristic of a gelatinous elastic 
fluidity. 

As a result of repeated devotion and efforts, the 
compounding technique for producing a low cross-li 
satisfies all of the aforementioned requirements and founc 
was optimal as a material used for the connection of end 
In other words, by merely providing the thus produced 
gel between the end faces of the optical fibers, a loss of li 
when light was transmitted from one optical fiber to the ot 
suppressed and conducting efficiency was remarkably imp 
In this invention, the low cross-linking-density gel U> 
A transparent flexible silicone gel material having a s 
as a primary agent is caused to undergo an addition 
where cross-linking density is low, with the result that 
density gel having a viscosity and a minimum fluidity can b 
of the addition reaction in the binding region where cross 



link ng 



5 structures of various 
of a material which 
their attentions to a 
ructure insoluble in a 
uch a macrornolecule. 
according to which a 
base material among 
ity, thereby forminig a 
has a shape retaining 
material, while having 



reacti >n 
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riventors completed a 
density gel which 
out that this material 
aces of optical fibsrs. 
cross-linking-density 
ht at the joint portion 
r could be effectively 
oved. 

produced as follows, 
cified refractive index 
in a binding region 
he low cross-linking- 
obtained. As a result 
inking density is lojw, 



08/10/99 TUE 04:26 [TX/RX NO 7665] 



10. PUG. 1999 13:48 MUELLER-BORE & P. 49/89/45067450 



NR. 486 5.9/32 



free hydrogen atoms are advantageously absent since ^ 

hydrogen atoms contribute to the reaction. j 

i 

In the above addition reaction, a polyorganosiloxari< 
bound hydrogen atoms is added as a cross-linking agent 
containing vinyl groups at its ends, which is a componeA 
and cross-linking takes place in the presence of a platinurr 

A range of the cross-linking density was specified 
cross-linking agent to be added, and a final cross-|jn|k 
substantially precisely controlled. The cross-linked bin^l 
cross-Iinking-density gel is in the range of 30% to 1 

equivalent of the polyorganosiloxane containing covalently I 

i 

If the gel is produced beyond the above cross-liifi 

i 

displays properties more similar to those of an elastic mai( 
cross-linking agent increases. As a result, the gel loses njs 
possess a breakage point, which is not preferable. On the 
produced below the above cross-linked binding region, the 
not cross-linked has an increased degree of freedom. As a r 
considerably fluid and creeping flow peculiar to silicone 
both not preferable. 

The refractive index of the (ow cross-Iinking-density 
a value substantially equal to those of various optical 
refractive index of a transparent silicone oligomer as a 
Thus, a loss of light caused by the reflection and diffuks 
difference in refractive index between the cores of th£ 
connected and the low cross-Iinking-density gel can be sujj> 



total amount of active 



8 



containing covalently 
a polyorganosiloxane 
of the primary agent, 
catalyst. 

by an amount of the 
ng density coufd be 
ng region of the low 
% of the theoretical 
tbund hydrogen atoms, 
;ed binding region, it 
rial as the ratio of the 
fluidity and comes to 
ther hand, if the gel is 
rimary agent whidi is 
>sult, the gel becomes 
place, which ^re 



ti ikes 



r >ers 



prirr 3ry 



;el can be adjusted; to 
by adjusting the 
agent in advance, 
on of light due ta a 
optical fibers to be 
ressed to a minimum 
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level. 



As described above, the presence of an air layer at 



n i 



1 



c 



4 ) 



the cores of the optical fibers are connected is not preffe 
about a loss of light. Further, a distance between the e 
preferably as short as possible. Since the inventive gel 
deformed upon being forcibly contacted to thereby secur£ 
between the end faces of the cores and flatten tiny 
streaks, it can suppress a loss of light caused by the pre 
a minimum leveL 

The physical properties of such a low cross-linkijr|g 
infl uences of changes in outer environments thereon 
follows. 

(1) Temperature: wide working temperature range of - 

moisture absorption into the componer t 
water absorption into the component i 
dust adheres to the outer surface, but 
permeate into the component, 
pressurized portion is free to deform, 
vibration does not cause dilatancy, 
unoxidrzable and stable against most cjf 
does not flow out, 
(9) Performance: substantially semipermanently maintair|i|d 

As can be seen from the above, the low cross-linking 
influenced by any outer environment except a temperaty 
pyrolysis temperature and is most suitably used as an opt 



the joint portion when 
able because it brings 
faces of the cores is 
;an easily flow and be 
y eliminate an air l^yer 
ratches and polishing 
snce of the air layer to 



(2) Humidity: 

(3) Water: 

(4) Dust: 

(5) Pressure: 

(6) Vibration: 

(7) Oxidation: 

(8) Flow-out: 



NR. 486 



S. 10/32 



-density gel and the 
n be summarized as 

°C to 120°C, 
is 0%, 

0.1 % or less, 
oes not 



emicals, 



density gel cannot be 
e exceeding its own 
al conductor. 
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Fun i 



O V 



Since the low cross-linking-density gel is used in an 
between cores of optical fibers having a diameter of 10 to 
fine particles should not adhere to the surface thereof, 
process should not be performed in an environment whip 
foreign matters such as dust. Thus, in order to use the 
gel as the optical conductor, a vessel used to produce thi 
vessel (syringe) chosen In consideration of the manufactui 
how the gel is actually used. In other words, it is essentia 
material filled in the vessel be kept sealed until the gel is 
reaction step. 

Conditions required for the above vessel (syringe) 3 
body which has at least inner circumferential surface 
is open at the opposite ends, one of the open ends has a 
on which a sealing cap used during the manufacturing 
during the application of the gel are selectively mountab 
serves as a material injecting opening or a dispensing o 
linking-density gel, and a sealing packing, which serves 
when raw materials of the low cross-linking-density gel 
accommodated in the vessel along its longitudinal directior 

It should be noted that the vessel and the sealing 
any material provided that this material does not hinder the 
silicone. 



extremely narrow srea 
0 //m, fine dust or like 
er, the manufacturing 
permits an access of 
cross-linking-density 
gel is desired to be a 
ing process as well as 
that the compounded 
ictually used after the 



there *f 



prac ess 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical section showing the construction o 



10 



e that it has a tubylar 
formed straight and 
mmon mount portion 
and a nozzle used 
since the open ^nd 
for the low cross- 
is a receiving portion 
are filled, is movaMy 



packing can be made' of 
s ddition reaction of the 



per ing 



a syringe functionipg 
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as a reaction vessel when a method 1 for 
according to the invention is carried out, 

FIG. 2 is a vertical section 
functioning as a containing vessel for 
density gel, 

FIG. 3 is a vertical section s 
composition is poured Into the syringe, 

FIG. 4 is a vertical section showing 
dispensing a predetermined amount of the 

FIG. 5 is a vertical section showing a 
cross-linking-density gel in the syringe was 
the state of FIG. 4. 



producing a low c 'oss-linking-density gel 



shovying the construction 
containing the produced 



howrng an intern 



the construdilon 
low cross-linkir 
state of the di 
dispensed by rnf>v[ng 



Hereinafter, a low cross-linking-densjity 
an exemplary method for producing such 
reference to the accompanying drawings 
{Description of a Production Method} 

First, an exemplary method for prod 
is described. 

The low cross-linking-density gel 
connecting optical fibers is produced as fo 
transparent flexible silicone gel material, 
as a base material is so adjusted as to lie 
composition is produced by an addition rea^tio 



11 



is >ehser 



gel accordih 
a gel are de 



used as an 
ows. First, th 
specifically a transparent 
within a range 
ion of the thif 



of the syringe 
low cross-linkjng- 



ediate state when a 



of a dispenser for 
g-density gel, and 

after all the I'ow 
a piston rod from 



3 to the invention and 
cribed In detail with 



ucing the low cr >ss-!inking-density gel 



optica! conductor for 
refractive index of a 
silicone oligomer 
of 1,43 to 1.50, A 



adjusted transparent 
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viscp is 



silicone oligomer and a polyorganosiloxane containing coy< 
atoms to be added as a cross-linking agent to the primary 

a platinum catalyst in a binding region where cross-linkiric 

i 

addition rate of the cross-lrnking agent is 30% in theoretjc 

i 
i 

The thus produced composition is filled into a syriri! 

and Is caused to undergo an addition reaction in a constat 

j 

temperature of to 1 00 °C maximum for a reaction time of if 
As a result, a low cross-linking-density gel which is 
fluidity despite being a three-dimensionally cross-linked 
obtained in the syringe 10, 

It is preferred that such a production method Is carli 
and that the storage of raw materials, compounding, filling 
reaction process are all carried out in the clean room. 
{Description of the Low Cross-linking-density Gel} 

The low cross-linking-density gel produced as ab< 
physical properties: 

(i) Composition: silicone mixture, 

(il) Refractive Index: 1-46 (adjustable within a range 

(iii) Working Temperature Rgnge: 

i 

stable within a temperature rangj 

(iv) Moisture/Water Absorption: 

at most 0.1 % within a 
100°C, 

(v) Dust: adhere to the outer surface, but # 

the texture, 



12 



lently bound hydrogen 
afeent in the presence of 
density is low and an 
al equivalent, 
e 10 shown in FIG. 1, 
temperature bath gt a 
om 1 hour to 6 hours, 
and has a minimum 
material of low density is 



5d out in a clean ropm 
lto the syringe 1 0 ^nd 



NR. 486 



S- 13/32 



ve has the following 



pF 1,43 to 1.50) 



of -40°C to 120°C, 



temperdt jre range of 25°C to 



>es not permeate into 
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(vi) Resistance to Pressure/Vibration: 

deformable upon being pressjL 
undergo thixotropy, 

(vii) Viscosity; at least 100,000 cP, 

(viii) Oxidizability: will not be oxidized, 

(ix) Chemical Resistance: insoluble in most solvents, 
{x) Fluidity: has no fluidity, but is freely 

external force, 
(xi) Performance Retaining Period: 

at least 20 years when be 
temperature. 
The low cross-lrn king-density gel having the a 
displays the following effects when being used as an optjj: 

First, concerning the light transmitting property, 
reduced and transmittance was improved by using this low 
gel as the optically connecting conductor at the joint portici 
In this example, the loss of light could be reduced to about 
a case where the mechanical contact method is used, m 
improved by about 30 %, 

More specifically, results of a comparative experimerV 
transmitting property of the low cross-linking-density gel 



ig kept at normal 



above 



ere 
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rized, but does not 



Jeformable upon an 



physical properties 
3l conductor 

loss of light was 
cross-Iinking-densjty 
of the optical fibers, 
1/10 as compared to 
d tran$mittance was 



for verifying the light 
as follows. 
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Polished state of end faces of 
optical fibers 


Transmittance when the end 
faces were merely brought 
into contact 


Tr|* 

cnju 

i 

usp 


smittance when the low 
stinking-density ge| was 


Cut by a cutter 


68,50 % 


1 

1 


90.50 % 


Polished by an abrasive cloth 
having a grain diameter of 
0.03 mm 


73.28 % 


i 

i 


94.79 % 


Polished by an abrasive cloth 
having a grain diameter of 
0,012 mm 


77.14 % 


j 

i 
i 

1 

i 


97.28 % 


Polished by an abrasive cloth 
having a grain diameter of 
0.003 mm 


77.85 % 


! 


99.35 % 



Concerning the properties, the low cross-linking-der) 
which is an intimidate of an elastic material and liquid; is 
linking structure of very low density; is freely deformable 
adheres to a pressurized material, and is restored to its 
released from pressure. This gel will not be softened or flui 
of heat. Since this gel has no free hydrogen atoms as a bir 
chemically bound with the cores of the optical fibers 
cladding and is very unlikely to hinder the propagation of 

As a result, the low cross-linking-density gel filled 
at the joint portion of the optical fibers flattens the 
the optical fibers using coupling pressure, thereby reduc 
diffusion of light to a considerably low level, and is stable 
time without flowing out. 

14 



as the 

unevennlc ss 
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vis :ous 

i 

oriSsina 



ity gel is an aggregate 
despite its cross- 
ion being pressurized; 

I shape upon being 
\zed upon application 
ing site, it will not be 
id components of. a 
jht. 

optical conductor 
of the end faces of 
ig the reflection and 
over a long period |of 
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sach 



in an example of experiment confirming such effects 
low cross-linking-density gel was held between a pair of ^ 
then vertically held in a constant temperature bath at 1 
Thereafter, displacement of the glass plates was mea^i 
confirmed to have neither been displaced nor become fluit 
Subsequently, only about 5 mg of the low cross-) 
filled into an FC optical fiber connector, and optical fibers 
and detached 50 times and transmittance was measured 
transmittance was maintained up to the 20 th measuremdrlt 
varying thereafter. However, this variation was not to 
practicability would be hindered. 

The construction of a dispenser for filling the [ow 
into the FC optical fiber connector and the state of the 
gel filled in the dispenser are described in detail later 
pertinent drawings- 
Further, an outer socket of the above FC optical 
detached, and the optical fibers were dropped into water 
by an assembly comprised only of ferrules and a sleev^ 
measured with the low cross-linking-density gel exposed ijt 
measurement values were stable without varying ii 
time- j 
When boiling water was poured to a portion or 
connector where the low cross-linking-density gel was ex 
in transmittance was observed. However, as the tempera 
temperature, transmittance gradually returned to the origins 



lev 
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a small amount of the 
ass plates, which was 
!0°C for 1000 hours, 
red, but the gel was 

king-density gel was 
repeatedly attached 
tine. The original 
:, and started slightly 
such an extent that 



lin king-density gel 
cross-Iinking-densjity 
vith reference to the 



fiber connector was 
i/hile being connected 
Transmittance was 
water. The obtainled 
independently of the elapse of 



pb sed 



the FC optical fiber 
, a 10 % reduction 

ure returned to roqm 

i 

[ value, When boiling 
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water was poured onto the optical fibers, transmittance 
Thus, the optical conductor or the low cross-linki 
the joint portion of the optical fibers is sufficiently 
humidity, pressure, vibration, dust, water and vapor 
simplifying the construction of the conventionally used A 
connectors, fixed connecting devices and light combining/ 
therefore highly industrially applicable. 
{Description of the Syringe 10} 

The aforementioned syringe 10 has following two 

(A) The first application is to be used as a re^ 
composition is filled and caused to react as shown in FIG 

(B) The second application is to be used as a contaji. 
nozzle 20 is mounted on the dispensing end of the syringe 
and which is assembled into the dispenser for sl 
predetermined amount of the produced low cross 
portion. 

The construction of one embodiment of the syringe 
two applications is described in detail with reference to 

First, the construction used for the first applica 
reference to FIG. 1 . The syringe 10 has a tubular syringe 
so formed as to have a straight inner surface and opening^ 
In this embodiment, the syringe main body 12 has even tqi 
a straight outer surface. 

The left opening of the syringe main body 1 2 in FlCj 
commonly used as an admitting opening through whic 



<p|ianged as above. < 
density gel filled into 
re$|stant to temperature, 
can contribute! to 
ivices such as optical 
flitting devices, and is 
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a ^plications, 
tion vessel in which 
1. 

ing vessel in which a 
10 as shown in FIG. 2 
plying (applying) a 
linking^density gel to the joint 



FK iS 



>n 



0 used for the above 
. 1 to 3. 

is described with 
in body 12, which is 
at the opposite ends- 
rkness and, thus, has 

1 is specified to be 
the aforementioned 
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composition 14 is admitted and a dispensing opening *t 
cross-linking-density gel is dispensed. An external threaq 
outer circumferential surface of the end where this admitjt 
is formed, and a cap 16 is detachably mounted on th 
opening. Accordingly, an internal thread 16A is formed in 
cap 16. A portion between the syringe main body 1 2 and 
to prevent the entrance and escape of liquid with the exter 
internal thread 16A engaged with each other. 

On the other hand, a sealing packing 1 8 which sen/6, 
when the aforementioned composition 14 is fitted into 
is movably accommodated in the syringe main body 12a 

In the syringe 1 0 thus constructed, the cap 1 6 is de^ 
3 and the sealing packing 1 8 is accommodated while being 
In FIG, 3 when the composition 14 is admitted. In this sty 
is gradually admitted into the syringe main bd< 
admitting/dispensing opening* As the composition 14 i^i 
packing 18 is gradually moved toward the right by 
composition 14. After the admittance of a specified amoi 
14, the cap 16 is mounted, thereby completing the 
composition 14 filled therein as shown in FIG. 1, 

The syringe 10 having the composition 14 filled i 
unillustrated constant temperature bath as it is and is h 
heating conditions. The composition 14 in the syringe 10 1$ 
addition reaction by this heating, and becomes a low cross 

On the other hand, when the thus produced low crossi 



irough which the low 
14A is formed on the 
ng/dispensing opening 
admitting/dispensing 
inn§r surface of the 
cap 1 6 is so held as 
lal thread 1 2A and the 



he 



ie 
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as a receiving portion 
th sj syringe main body 12 
Iqflg its longitudinal axis, 
ched as shown in FIG. 
shifted toward the left 
e, the composition 14 
y 1 2 through the 
admitted, the sealing 
eing pushed by the 
nt of the composition 
fringe 10 having the 

erein is placed In an 
ated under specified 
caused to undergo an 

inking-density gel 22, 

i 

lin king-density gel &2 
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Ic 1 V 



dgrl sity 



is to be filled into the joint portion of the optical fibers, the 
the nozzle 20 is mounted instead in the clean room, w 
syringe 10 has a construction shown in FIG, 2, 

Alternatively, it may be considered to suck up the 
gel 22, which was obtained by an addition reaction in a s& 
by a device like a hypodermic syringe and to inject itj 
However, if the low cross-linking-density gel 22 producec 
is injected into the syringe 1 0, air bubbles may enter the 
gel 22 during the injection, and it is extremely difficult ^ 
linking-density gef 22 into the syringe 10 while preventing 
bubbles. 

If air bubbles should enter the low cross-linking 
injection of the low cross-linking-density gel 22, no me^ 
remove the air bubbles and the low cross-linking-density si 
away as a defective ge[. On the other hand, the compos 
air bubbles enter it, they naturally come up if the syrindfe 
Thus, air bubbles can be removed from the composition 

From this point of view, it is fairly meaningful that t 
a function as the reaction vessel and a function as the conti 
words, particular effects can be obtained by producing 
density gel 22 by the addition reaction of the composition 
a containing vessel to be assembled into the dispenser 30 
{Description of the Dispenser 30} 

Next, the construction of the dispenser 30 for di 
amount of the low cross-linking-density gei 22 contained 



18 



cross-linking-density 
)arate reaction ves^l, 
into the syringe 10, 
sutside the syringe 10 
cross-linking-density 
inject the low cro:ss- 
e entrance of such air 
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;ap 16 is detached and 
th the result that the 



gel 22 during the 
ures can be taken to 
I 22 has to be thrown 
on 14 is liquid and, if 
10 is left standing, 
without any problem, 
a syringe 1 0 has both 
ining vessel. In other 
he low cross-linking- 
4 in the syringe 10 as 
o be described lat^r. 



isp^fsing a predetermined 
in the syringe 10|is 
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described in detail with reference to FIGS. 4 and 5, 

The dispenser 30 is provided with an outer tube 32 



cylinder in which the syringe 10 described above is accor imodated as shown in 



FIG. 4. The outer tube 32 has a closed left end and a fully 
4 and 5. In the middle of the left end of the outer tube 3:? 
hole 34 which extends in the thickness direction of the left 
nozzle 20 mounted on the aforementioned syringe 10 is ir 
of the inner surface of the outer tube 32 is formed a step 
end surface of the syringe 10 accommodated into the out 



contact to be located in a specified position in the outer id be 32. 



of the right end of the 



An internal thread 32A is formed in the inner surface; 
outer tube 32 in FIGS. 4 and 5, On the other hand, a mo jnt block 40 having a 
piston rod 38 reciprocatingly supported along its lonj litudinal direction as 
described later is mounted in the right end of the outer 
circumferential surface of the mount block 40 is divided i 
right portion, the left portion having a larger diameter than 



n the form of a holitow 



•pen right end In FIGS, 
is formed an insertion 
ind and into which the 
erted. At the left sjde 
36 with which the [eft 
r tube 32 comes iihto 



tube 32. , The outer 
q :o a left portion and a 
the right portion- On 



the outer circumferential surface of the left portion is forrrjed an external thread 



le mount block 40 : is 



40A spirally engageable wjth the internal thread 32A, 

fixedly mounted in the outer tube 32 by the engagem^ij t of the internal and 
external threads 32A and 40A. 

In the center of the mount block 40 is formed a cent 
along its longitudinal direction, A lead groove 40C is spiral 
surface of the center hole 40B, The piston rod 38 is so 
groove 38 as to be movable back and forth along its lonjj 



has a lead groove 38A engageable with the lead groove 4} 2 formed on its ouljer 



19 



r hole 40B extending 
y formed in the inner 
nserted into the lead 
:udinal direction, apd 
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he sealing packing! 18 

! 

de. As the piston rod 

i 

1|B to the left ther4by 

i 

in the syringe 10; to 
ing end of the nozzle 
|s a cylinder head by 
in the dispenser 3j0, 
nut 42 is fixed vi£ a 



surface. Since the piston rod 38 is supported in the mourrl block 40 by the spiral 
engagement of the lead grooves 38A r 40C, the piston rop 38 is made movable 
back and forth along its longitudinal direction by b^flng rotated about jits 
longitudinal axis with the mount block 40 fixed. 

The left end of the piston rod 38 \s in contact with 
in the syringe 1 0 mounted in the outer side from the right 
38 is moved to the left, it pushes the sealing packing 
pushing the low cross-Iinking-density gel 22 contained 
dispense it through a dispensing opening formed at the le 
20. In other words, the sealing packing 18 functions 
mounting the syringe 10 functioning as a containing vess 

At the right end of the piston rod 38, a slotted-hest 
bolt 44. On the other hand, a rotary tube 46 is so mountedjas to cover the piston 
rod 38 from the right side. On the inner circumferential sufjace of the rotary tube 
46 is formed a spline groove 46A, which is engaged with a 
formed in the outer circumferential surface of the slotted-h 
piston rod 38 is rotated integrally with the rotary tube 46,|but is freely movable 
along its longitudinal direction independently of the rotcj/ tube 46. In other 
words, by rotating the rotary tube 46 about its longitudin 
rod 38 is rotated together with the rotary tube 46 and, 
forward or backward along its longitudinal direction. 

A left portion of the rotary tube 46 extends up to a 
the outer surface of the small-diameter portion of the mourtt block 40 at its right 
side in radial directions. In order to lock the rotary tube 46 In rotational positions 
spaced at specified angles, a multitude of recesses 48 for sbfecifying the rotatiorjal 



20 



engaging groove 42A 
ad nut 42. Thus, tjhe 



direction, the pistpn 
s a result, is moved 

ssition where it faces 
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positions spaced at every specified angle are formec 
circumferential direction on the outer surface of the small 
mount block 40. 

The rotary tube 46 is mounted with a locking ring Jji 
selectively engageable with one of the recesses 48. The 
of a spring member and the leading end thereof js so ^ 
engageable with the recess 48. The locking ring 50 sped 
of the rotary tube 46 and functions as a so-called snap rirjt 
tube 46 so as not to disengage from the mount block 4Q 
direction. 

Accordingly, the leading end of the locking ring 5<j) 
with a certain recess 48 and, therefore, the rotary tube 4<p 
the rotational position. If the rotary tube 46 is forcibly 
the leading end of the locking ring 50 is elastically deformejc 
recess 48 it has been engaged with. After the rotary 
specified angle, this leading end is engaged with the adjac 
the rotary tube 46 is elastically held in position after being 
angle, the low cross-linking-density gel 22 in the syringe 1 
the leading end of the nozzle 20 by an amount correspond! 
rotary tube 46. 

Since the recesses 48 are circumferentially arrang^< 
fixed amount of the low cross-linking-density gel 22 is 
rotating the rotary tube 46 by one interval of the recesses; 
dispenser 30 to dispense a predetermined amount of the loy\ 
gel 22. 
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rot 3 :ed 



tu )e 
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one after another in 
iameter portion of the 

3 having a leading end 
I >cking ring 50 is made 
at as to be elastically 
fcs an angle of rotation 
for locking the rotary 
along the longitudinal 

is elastically engaged 
is elastically locked in 
in its locked state, 
and comes out of the 
46 is rotated by a 
ent recess 48. Since 
rotated by the specified 
is dispensed through 
to the rotation of the 



n 



cci ista 



at equal intervals, a 

ntly dispensed by 

i 

48. This enables the 
cross-linking-density 
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syringe 1 0 as shown 
eans that all the low 
ensed. 
Iransparent material so 



If the cylinder head 18 is moved to the left end in t 
in FIG. 5 by continuously rotating the rotary tube 46, it 
cross-linking-density gel 22 in the syringe 10 has been d 

In this embodiment, the rotary tube 46 is made of a 
that the position of the piston rod inside (position along th 4 longitudinal direction) 
can be visually confirmed. As a result, an operator ft*n roughly confirm a 
remaining amount of the low cross-linking-density gel 22 Ji the syringe 10 upon 
seeing the position of the piston rod 38. 

By marking the slotted-head nut 42 secured to thl piston rod 38 at its 
specified position and graduating the rotary tube 46, the remaining amount of the 
low cross-linking-density gel 22 is more accurately compr 

Next, how the dispenser 30 constructed as a 
described. 

First, the low cross-linking-density gel 22 is filled 
according to the aforementioned manufacturing method; t! 
nozzle 20 mounted at its leading end is inserted into the 
nozzle 20 is caused to project outward through the insertiol hole 34. Thereafter, 
the mount block 40 having the piston rod 38 already mourned therein is fixed to 
the outer tube 32 by spirally engaging the external threaj||40A and the internal 
thread 32A- At this stage, the piston rod 38 is located lin its most retracted 
position with respect to the mount block 40 lest the lead ng end thereof should 
inadvertently come into contact with the cylinder head la in the syringe 10 to 
thereby cause the low cross-linking-density gel 22 filled in jhe syringe 10 to leak 
from the nozzle 20. 

Thereafter, the slotted-head nut 42 is secured to the lear end of the pistpn 



ihensible, 
ve is assembled is 

ilto the outer tube 32 
syringe 1 0 having i;he 
iter tube 32: and the 



22 
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preve nted 



pres mt 



a bp /e 



rod 38 using the bolt 44, and the rotary tube 46 is fittec 
FIGS. 4 and 5 so that its leading end is located around tjt 
mount block 40. Then, the locking ring 50 is mounted on 
leading end of the rotary tube 46, and the leading end therlefcf 
of the recesses 48, In this way, the rotary tube 46 is 
from the mount block 40 and is elastically held in the 
{Description of the Optical Fiber Connector} 

The construction of an FC optical fiber connectt r 
"connector") 60 in which the low cross-linking-density gel 
conductor using the dispenser 30 constructed as 
reference to FIG- 6. 

The construction of the connector 60 is specified 
Standards (J|S). For the FC type, it is specified to fit ferri^ 
of two optical fibers 62A, 62B. However, in this embo 
64B are inserted into an optical conductor 66 while being 
the ferrules. 

Specifically, this connector 60 includes a double-sp 
a hollow cylinder having open ends. The optical 
substantially in the middle position of the center hole o 
respect to a longitudinal direction. 

In this embodiment, the optical conductor 66 is ^ 
sleeve 70 and the low cross-Iinking-density gel 22 filled 
the dispenser 30. 

More specifically, the center hole of the adapter 68 
fifth through holes 68A to 68E, The first through hole 
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rom the right side in 
outer surface of the 
outer surface of the 
is engaged with one 
from disengagjing 
rotational positipn. 



(hereinafter, merely 
2 is filled as an optical 
is described with 



the Japan Industrial 
5 on cores 64A, 64B 
client, the cores 64A, 
xposed without using 



adapter 68, which is 
ctfiductor 66 is fitted 
the adapter 68 with 



>mprised of a plastic 
the sleeve 70 using 



int > 



comprised of first to 
8A is located in t{ie 
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rod 38 using the bolt 44, and the rotary tube 46 Is fittec 
FIGS. 4 and 5 so that its leading end is located around 
mount block 40. Then, the locking ring 50 is mounted on 
leading end of the rotary tube 46, and the leading end thenefcf 
of the recesses 48, In this way, the rotary tube 46 is prevfe 
from the mount block 40 and is elastically held in the pre£ 
{Description of the Optical Fiber Connector} 

The construction of an FC optical fiber connectb r 
"connector") 60 in which the low cross-linking-density gel 
conductor using the dispenser 30 constructed as 
reference to FIG- 6. 

The construction of the connector 60 is specified 
Standards (J|S). For the FC type, it is specified to fit ferri^ 
of two optical fibers 62A, 62B. However, in this embo 
64B are inserted into an optical conductor 66 while being 
the ferrules. 

Specifically, this connector 60 includes a double-sp 
a hollow cylinder having open ends. The optical c|s 
substantially in the middle position of the center hole o 
respect to a longitudinal direction. 

In this embodiment, the optical conductor 66 is 
sleeve 70 and the low cross-Iinking-density gel 22 filled 
the dispenser 30. 

More specifically, the center hole of the adapter 68 
fifth through holes 68A to 68E, The first through hole 
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rom the right side in 
outer surface of the 
outer surface of the 
is engaged with one 
nted from disengagjing 
jnt rotational positipn. 
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(hereinafter, merely 
2 is filled as an optical 
is described with 



the Japan Industrial 
as on cores 64A, 6'4B 
cfifrient, the cores 64A, 
xposed without using 

adapter 68, which is 
iductor 66 is fitted 
the adapter 68 w!th 



mt 3 



mprised of a plastic 
the sleeve 70 using 



comprised of first to 
8A is located in tjie 
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ie 



fif :h 



middle alang the longitudinal direction and the optical c» 
fitted thereto. The second through hole 86B is locateji 
through hole 68 at the right side and has a diameter sma \\x 
through hole 86A. The third through hole 86C is locati 
through hole 86A at the left side and has a diameter larder 
through hole 86A, and a cushion ring 72 to be describe* 
thereinto. The fourth through hole 86D is located adjac^ 
hole 86C at the left side, is open in the left end surface of 
a diameter larger than that of the second through ho|e 8^( 
to be described later is detachabiy fitted thereinto. The 
located adjacent to the second through hole 86B at the rig 
right end surface of the adapter 68 and has a diameter 
second through hole 68B, and a second fitting 76 to 
detachabiy fitted thereinto. 

The first and second fittings 74, 76 are so forme^ 
shape and to hold the outer surfaces of the optical fibers 
64A f 64B are exposed from the end surfaces of the first 
76, respectively. The first and second fittings 74, 76 are 
by corresponding fixing nuts 78, 80 while being fitted 
through holes 68D, 68E, respectively. 

How the connector 60 thus constructed is assemble i 
With all the parts described above being separatee 
optical conductor 66 filled with the low cross-linking-density 
the center hole of the adapter 68 from the left in FIG. 6 
the first through hole 68A. The optical conductor 66 is 



nductor 66 is closely 
adjacent to the first 
than that of the first 
ajl adjacent to the first 
than that of the first 
later is closely fitted 
t to the third through 
adapter 68 and has 



, and a first fitting 

through hole 68E is 
ht side, is open in the 
1 irger than that of the 
be described later is 



to 
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as to have the same 
, 62B whose cores 
second fittings 74, 
eld in the adapter 68 
the fourth and fifth 



S 2A 



f id 



is described below, 
from each other, the 
gel 22 is inserted into 
be closely fitted into 
brc|i|ght into contact wfth 

i 
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a step formed between the first and second through hql 
located in a specified insertion position. Similarly, the 
into the center hole from the left to be closely fitted Int^> 
68C. This cushion ring 72 is brought into contact with 
to hold the optical conductor 66 in its specified Insertion 

Thereafter, the first fitting 74 bearing one optical 
fourth through hole 6SD from the left and is held in this 
fixing nut 78. With the first fitting 74 fitted into the adafj) 
face of the core 64B projecting from the held optical 
cross-linking-density gel 22 of the optical conductor 66 a 

Subsequently, the second fitting 76 bearing the 
fitted into the fifth through hole 68E from the right and is 
by the second fixing nut 80. With the second fitting 76 
the leading end face of the core 64B projecting from th^ 
enters the low cross-linking-density gel 22 of the optical 
in FIG, 6. 

Here, in the optical conductor 66, the leading end f4 
64B are located in the low cross-linking-density gel 22. 
cores 64A, 64B are set such that the both leading end 
each other with the first and second fittings 74, 76 
adapter 68. Since the projecting length, i.e. the cut positji 
64B are specified in this way, the cut positions can 
compared to a case where both end faces need to be 
contact with each other according to the convention^ 
method. As a result, operability can be improved. 
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3S 68A and 68B tci be 
ring 72 is inserted 
the third through hole 
optical conductor 66 
>osition, 

62A is fitted into the 
itted state by the first 
er 68, the leading end 
62A enters the Cow 
shown in FIG, 6. 

optical fiber 620 is 
leld in this fitted state 
into the adapter 68, 
held optical fiber §2B 
nductor 66 as shown 



es of both cores 64A, 
P^jecting lengths of the 
are right opposite to 
prfcberly mounted in the 
jipns of the cores 64A, 
fairly roughly set as 
precisely brought into 
mechanical contact 
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Specifically, since the low cross-linking-density gel 
conductor 66, it is present between the both end faces 
even if these end faces are not closely faced opposite tja 
described above, a loss of the light transmitted from one 
other 62B at the joint portion in this connector 60 can be 
the low cross-linking-density gel 22 present between the 

It should be noted that the present invention 
construction and assembling procedure of the aforementidr|ed 
variety of modifications can be made without departing 
of the present invention . 

For example, although the optical conductor 66 is 
70 and the low cross-llnking-density gel 22 filled in the si 
embodiment, the present invention is not limited such a cor 
conductor may be formed only of the low cross-linking-^ 
using the sleeve 70. 

Further, although the low cross-linking-density gel 22 
70 of the optical conductor 66 to be mounted in the cp 
dispenser 30 in the foregoing embodiment, it may be fill 
apparatus having an other construction according to the 



2 is filled in the optical 
)f the cores 64A, 04B 
each other. Thus; as 
ptical fiber 62A to the 
nii|ximally suppressed by 
nd faces. 

s not limited to the 
embodiment, arid a 
the spirit and scope 
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<fi snsity gel 22 withput 



is filled into the sleefve 
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inector 60 using the 
using a gel injecting 
invention. 
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of optical fibers to be 



WHAT IS CLAIMED IS; 



1 A method for producing a low cross-linking-opnsity gel, comprising: 
a compounding step for adjusting a flexible silicon^ gel material to have a 
specified refractive index, and 

a reaction step for causing the flexible silicone gel rfiaterial adjusted in the 
compounding step to cross-link in a binding region where 
low, thereby producing a low cross-linking-density gel, 

2- A method according to claim 1 , wherein the specified refractive index 
is set substantially equal to the refractive index of core^ 
connected. 

3, A method according to claim 1 , wherein a poiybrgaposiloxane having 
vinyl groups at its ends is used as a primary agent of tl|* 
material. 

4, A method according to claim 1, wherein ai 
added in the reaction step. 

5, A method according to claim 4, wherein trte polyorganosilox^ne 
having covalently bound hydrogen atoms is added as the c ross-linking agent, 

6, A method according to claim 1, wherein the compounding step and 
the reaction step are performed in a clean room. 

7, A method for producing a low cross-iinking-dejisity gel, comprising: 
a compounding step for adjusting a flexible silicone" 

specified refractive index, 

a synthesizing step for synthesizing a composition by 
agent to the flexible silicone gel material adjusted in the co 



e flexible silicone gel 



cross-linking agent is 
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a filling step for filling the composition into a syringe 
a sealing step for sealing the syringe, and 
a reaction step for heating the sealed syringe to o 
undergo an addition reaction in a binding region where croi 
thereby producing a low cross-lin king-density gel in the 

8. A method according to claim 7, wherein tin 
mounting a cap in the sealing step. 

9. A method according to claim 8, wherein the 
dispenser for dispensing a predetermined amount of the I 
gel by replacing the cap mounted on the syringe by a noz 
linking-density gel is produced in the syringe. 

10. A low cross-lin king-density gel, characterized 
causing a flexible silicone gel material adjusted to have a s 
to undergo an addition reaction so as to cross-link in a bind 
linking density is low, 

11. A low cross-Iin king-density gel according to 
specified refractive index is set substantially equal to the r^ 
of optical fibers to be connected. 

12. A low cross-linking-density gel according to 
flexible silicone ge( material is a polyorganosiloxane h 
ends. 

13. A low cross-linking-density gel according to 
cross-linking agent is added prior to the cross-linking 
reaction takes place in the presence of a platinum catalys| 

14* A low cross-linking-density gel according to 



t 



jse the composition to 
linking density is low, 
fringe. 

; syringe is sealed by 

i yringe is mounted fn a 
Plv cross-linking-density 
e after the low cross- 



c aim 13, wherein t(ne 
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that it is produced by 

if ied refractive index 

i 

region where cross- 



laim 10, wherein the 
ractive index of coires 



[aim 1 0, wherein the 
av||g vinyl groups at its 

claim 10, wherein a 
reaction and the addition 
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cross-linking agent is a polyorganosiloxane having covp 
atoms. 

15. A low cross-linking-density gel according to 
composition after being filled in the syringe is caused to 
reaction by being heated during the cross-linking reaction 

1 6. A low cross-linking-density gei according to clja 
cross-linking-density gel is produced in a clean room. 



ently bound hydrogen 

;laim 13 f wherein the 
ijndergo the addition 

m 1 0, wherein the low 
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